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<g) Polymere Fluoreszenzmarker 
(|7) Durch Polykondensation odar Polyaddition «^ ai ^« 
^Polymere, die als ein Comonomer e.nei .m « chtbara >n 

Spektralbereich bei Wellenlangen von 400 bis 660 nm 

fluoreszierende Verbindung enthalten. 



OM. An^n „e„ von, An^.r 
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Beschreibung 



Die h-*-. betHfft durch - tt a^^ 
Comonomer mindestens erne .m s£htbarec e „ Herstellung sowie ihre Verwendung zum Mar- 

STparbstoffen zu markieren und sie »'^Sh» Ru^^Sbstoffen bzw. -kombtaationen 
reszenzsijmale voneinander getreniit werden. t^.^t^toffe mit m0 nomeren Fluoreszenzfarbstoffcn zu 

gewisse Nachteile auf. v . - Hlint ™ vorzuesweise als kettenverlangernde Comonomere 

nuo" S ztrrendf n Verbindungen fan nahen H«£lS*23d5£32^ Polymere gefunden, die ah ; eta iComc 

J^^^ - bis 6eTnm — Verb,nduns 

"tTrnoVichefluores^ 
refcoltfuiktioneiO^^^ 

GmppeKM enthalten. Dabei fungieren die ^^^S^taallgemeinenalsKettenverltogerer 
K™tenabbrecher. Bif unktionelle ^uoresnerende Ve r b.ndvmgen £»S£™ # olvfunk tionelle fluoresz.erende 
und tri- und hSherf unktionelle fl" 0 ^£ rend . e ^ '"^ trase^ kftnnen auch als Kettenabbrecher fungieren, 
Verbindungen. die unterscVuedliche funknonette D ^j^^n^rschiedlk* reaktiv sind.Vorzugswe.se 

^dru^r^or™ ^ ^ 

Farbstof f e entsprechen bevorzugt der Forme! (I) 



20 



25 



30 



35 



40 



45 



Fb-(X)n (I) 

worin 



50 



55 



MHRi — NCO, — COCl -COOa OH, -"V u . ' ^ i kiwi rv.— C*-Cvcloalkyl oder Ce— Cio-Aryl 

das Emissionsmaximum des fluoreszierenucu r<*ri« 
^^^1,^ der ^el 0^ 

nyrimidineundAnthrapyridonegeeignet. . 

Bevorzugt sind die Cumarin- bzw. Bei^f^n^^ als beS onders geeignet erw.esen .Die 

Als funklionelle Gruppen X haben s.ch ^'"° r u "^"^^f in P 5 as fhioreszierende Farbstoffsystem kann 
Einfiihrung - falls noch nicht vorhanden - e,n ^ A ™ , ^"P?erfolgen- Ein Hydroxyrest kann beispieUweise 
Sielswise durch ™^ ««— *« "«"-- 
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XundndieobigeBedeutungbesitzennnd V orzugsweise sind die Reste A und/oder D mit 1 bis 6, 

^u d gJwef^ 
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IneinerbevoiwgtenA^fuhiTingsfoiTOSteht Rest, insbesondere Cs-Co-Aryl-Rest, oder 

A far einen gegebenenfalls durch X substimierten aromanscnen r «, 0( jer OH stent. 
heterocycUschenRest.wobeiXvo™^^^ einen N . substltuiert e„ Hetero- 





NH 2 




OH , 



-NH-CH 2 CH 2 -OH , 



is 



undD =» 



H 3 C 



H 5 q 



CH 3 0- , HOCH 2 CH 2 -0- 



bedeuten. . . Wekannten Verfahrensschritten hergestellt werden. 
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-<*>» 



*£so£e^ — beispielsweise seiche der nachstehenden Formeln: so 
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.CH 2 NH2 

(18) 





15 



20 



HO — CH 2 CH2 O 

.NH 2 

(19) 

HO — CH 2 CH^ C 'O" ""O 

Polymere 

Bevorzugte erfindungs^Be, dure* f^^^^^^^^^^Z^^ 
Bevorzugte durch Polykondensat.on '^^^fJ^^S^SdtSe^ Molgewicht von M„ 500 bis 

i^°5roi b D«du b ^^ aus 3 bis 100 "—""^ „ 

^mo^^^^ 

allgemeinen 0,5 bis ^^^^^^-^^S^^ * ^ b.funktioneUe nuoreszierende 
C£ n dun^ 30 
10 ^c fluoreszierenden Verbindungen konnen auch als Mischungen gleicher oder unterschiedHcher mono- 
""^el^ "* vorzugsweise in. UV-Spektra.be- 

bekannter Weise am. <~,-.,rm<» rf-r Polvamide vorzugsweise durch Reaktion eines 

So wird beiSpielsweise das Polymer m GeSnwart def fluoreszierenden Verbindung 

Diamins mit einem Disaurechlond odcr emer Dicarbon^ure m tjegen wan u Farbstoff, sofern sie zwei « 

hergestellt, wobei die » ,s ke«enverl«n- 

^Tvor^^^^ 
HRN-B-NHR (IV) 



worin B e.nen bivaie.ten aliphatischen, ^o^^sc^ acyclische* oder isocyclischen 

Rest, insbesondere einen Rest der Forme! (CH 2 )n, mit n - 1 bis 12, 
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CH, 




CH 3 



CH 




CH- 




CH, 




CH 3 CH 3 




-CH^ 




CH 2 - 



45 



mel(V) 

ClOC-D-COCl (V) 

wo ^-,^^ Mffllcr - ltunststoff - 

auf die Gesamtmenge an Comonomere, bevorzugt I bis 5 Mol -°/o betragt 
Amine der Formel (VI) 



60 



CO NH 




(VI) 



^^^^^ 

St f u^^^ ^ ^ pllyCarb ° natC ^ 

vorzugsweise eine Carbonatverbindung der Formel 
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O 
II 

-c- 



OR 3 



Cvn) 



em, 

insbesonder^CH^ mit n - 3 bis 20 bedeuten, 
mit einer Dihydroxyverbindung der Formel 

HO—G-OH (VIII), 15 
worin G die un.er B angegebene Bedeutung 

wobei die fluoreszierende Verbindung, msbesond eje der n»°J« z £™ Tj s KettenverlSngerer bzw. -vernetzter 
gruppen oder 2 oder metnye C«bm« s^ ^^ breCheF ™ P ° lymer 



o 

II 



CH30C-OCH3 



O 

II 

C 2 H 5 -OC-OC 2 H 5 



II 



PhOCOPh 



O 
\ / 



oder 



o 

0*0 



CH 5 



Ebenfalls bevorzugt sind C, -CVAlkyldiole oder Ce-Co-Diaryldiole wie beispietsweise 



H 3 C 




,CH 3 



3S 



SO 



HOCH 2 CH 2 OH, HO(Caj) 6 OH, HO- 



OH oder 



Weitere mSgliche Ausgangskomponenten far Polycarbonate sind beispielsweise in Becker/Braun, Kunststoff 
Haivdbuch Bd 9/1, Kap- 3^ Ca?l-Hauser-Verlag Mflnchen, Wien, 1992 beschneben. 



9 



DE 195 30 449 Al 

Besonders bevorxugt werden die G-tag* «< ™fiS5£ ^e^S^n ^^^1^ 

menge an Comonomeren, eingesetzt 
5 Polyester 

Erfindungsge-naBe polymere ^"^^ 
^gtdurchReaktfoneineraroinattschenod^ Gegenwart der 

IO aliphatischen h^SrS^ vSu„ g , ,„.be«mdere d^fluor^ 

^^e^fere^e^^K^ -ar auch mehrere, vorzugsweise Jedooh nur eine der genannten 

, 5 funktionellenGruppentragen. u^ or c rtrmP i/m 
Bevorzugte Dihydroxyverbmdungen and solche der Formel (L*> 

HO — G' — OH (IX) 



worin G' die unter B angegebene Bedeutung annehmen kann, 
insbesondere -CH2CH2-, — (CH 2 >4— 




CH 3 



^ev^frzugte Dicarbonsauren oder deren Derivate entsprechen der Formel (X) 
MOC — D' — COM (X) 
sind solche, worin 

M far OH, CI Alkoxy oder Aryloxy stent, und 

D' die unter B angegebene Bedeutung annehmen kann, 

insbesondere -(CH2)e-» 



35 





-^^S^J^^nf^X^ sind beispieUweise in Becker/Braun. Kunststoff Handbucb. Bd. 
die gesamte Comonomeren-Menge, betragt 

Polyurethane 
EHindungsgemaBe polymere "p-—*^ 

U Be vorzugte Dihydroxyverbindungen entsprechen der Formel (IX) 
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HO-G'-OH (IX) 
worin 



G'dieobigeBedeutunghat. - infn 

Bevorzugte Diisocyanate entsprechen der Formel ^i) 

OCN-K-NCO (XI) 



K die unter B angegebene Bedeutung ''^"Xhindungen zur Herstellung von Polyurethanen sind z. B. in 
Weitere geeignete Dihydroxy- und D "*>3«^-Ve™indun flL^r Veriae MOnchen, Wien. 1993 beschrieben. 
Becker/Braun, Kunststoff-Handbuch Bd. ^^l^^^^i^^U^n^Mn^ im 

Gesamtmenge anComonomercn, ^fS^-trhes bestehend aus den oder enthaltend die erfindungsgemaBen 
pofy^r^^ - 1 50 °°° «~ «— « - 100 KS 

Tie^ndungbetrintwe^^^ 

zeichnet, daB man dem Kunststoff be. oder nach seiner ^^""^""^^^erDuroplasten wie in Hansjurgen 

r e r^o, g ^^^ 

£etr n e £^^^^ * 

groBerenTeilcheneinfach eine ™^hanische Aussonderung se.ru Kunststoffen, insbesondere von 

KSof^ 

Mengen von 0,01 bis 1O00 l^«SS^S5SS ^S^S^TJSS^Si in einer Menge in den zu 

vo^nTsweis^nlRuoreszenzquantenausbeute von > 0,01, vorzugswe.se > 0.05 aufwe^en. 

Beispiele 

Beispiel 1 Polymerer Fluoreszenzmarker (Polyamid) 

schung auf 62 C. Es wurde unter KUJ}™™ aui _£a £ lnHO, H 2 0 und Aceton gewaschen. 

Mittleres Molekulargewicht M n - 1500g/moL 

Beispiel 2 Polymerer Fluoreszenzmarker (Polycarbonat) 

Produktes, Fp.:230°O Mittleres Molekulargewicht M n - 3000 g/moL 

Beispiel 3 Polymerer Fluoreszenzmarker (Polyester) 

31ge r eng^^^ 

^^^o^^^mt n ^ b von 2 Minuten zugetropf. Die Aufarbeitung erfo,gte we . 



65 
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Beispie, t. Die Ausbeute betragt 10 g. Fp, 255* C. Farbe des roten Produce, Mittieres Mo.eRulargewicht M D - 
200O g/moL 

Beispiel 4 Polymerer Fluoreszenz marker (Polyurethan) 
Zu 45 g Butandio. mo.) und 6,46 , eines Partes der Forme, tropf, j"^^-^ 

EES sss£?i^ 

- 2500 g/moL 

Beispiel 5 Polymerer Fluoreszenasmarker 
innerhalb von 10 Minuten 24,8 g Decamethylendiisofq^nat^igetrop^uaDe ^ Methanol ausgefallt 

-^s^^ * ana,og den Angaben des 

^SSt hei~Sn in gebrauchlichen l^sungsmittein wie CHC* Aceton 

oder Alkohol uniaslich. 
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Tabelle t 





fluoreszicrender Farfostoff 
als Comonomer 1 


Comonomer 2 


Comonomer 3 ^ 




6 




Hexamethylen- 
diamin 


Adipinsaure- 
dichlorid 




J 


Hexamethylen- 
diamin 


Adipinsaurc- j 
dichlorid 


H 8 


J 


Hexamethylen- 
diamin 


Adipinsaure- 
dichlorid 


9 


* H-^^O^^^^ 


Bisphcnol A 


Diphenylcarbonat 




10 




Hexamettiyleh- 
diamin 


Adip insaure- 
chlorid 




11 


^t*" N O O 


Hexamethylen- 
diamin 


Adipinsaurc- 




12 




Bisphenol A 


Diphenylcarbonat 
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Bsp. 1 f 

L_ r 


luorcszierendcr FarbstofF I 1 
ds Comonomer 1 j Comonomer 2 | < 


Uomonomer 3 

! 


(13 1 
J 1 




Bisphenol A 1 1 


Diphenylcarbonat 


II 14 1 




Bisphenol A 1 


Diphenylcarbonat 


1 15 1 




Bisph.en.ol A 1 


Diphenylcarbonat 


"1 


„ r^r""* 1 


Bisphenol A 


Diphenylcarbonat U 


17 


| N Tj - ^! 


| Bisphenol A 


1 Diphenylcarbonat II 


— 


1 n rf^| 


1 Bisphenol A 


I Diphenylcarbonat 


19 




I Bisphenol A 


1 Diphenylcarbonat jj 


1 20 


T rrV^ 

I J 


I Bisphenol A 


1 Diphenylcarbonat 1 
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Bsp. 


fluoreszierender Farbstoff 
als Comonomcr 1 


Comonomcr 2 


Comonomcr 3 


21 




Hexamethyiert- 
diamin 


Adipinsaure- 
dichlorid 


22 




Hexamethy len- 


Adipinsaure- | 
dichlorid 0 


23 




Hcxamethylen- 
dmnin 


Adipinsaure- | 
dichlorid 


24 




Hexamethylen- 
diamin 


Adipinsaure- 
dichlorid 


1 25 




Hexamethy leu- 
diamin 


Adipinsaure 11 
dichlorid H 


26 




Hexamethy len- 

Hiamin 


Adipinsaure 
dichlorid 


27 




I Hexamethylen- 
diamin 


Adipinsaure- 
dichlorid 


| 28 




Hcxamethylen- 
diamm - 


Adipinsfture- 
dichlorid 
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Verwendungsbeispiele 
Masterbatch 1 

ker uberfQhrt 
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Verwcndung 1 

Das Masterbatch 1 wurde mix Polyamid 6 im Verhtltnis 1 = 2 ! gemischt und zu FormkOrpem extrudiert. Der 
AnteU an Fluoreszenzmarker aus Beispiel 8 im Polyanud betrug 50 ppm. 

Masterbatch 2 

2998.5 g eines Poiycarbonats (aus Bispheno. A und ^^^^^J^T^^^Z 
f^-lm^ 

an den Fluoreszenzmarker aus Beispiel 1 7 uberf uhrt. 

Verwendung 2 

sich zu 50 ppm. 

Masterbatch 3 

2998,5 g eines Low Density Polyethylens (Dichte -^^ula^ge^elt 8 ^ 5?ES££mX 
VS^^Z^^^^^^^^^ KonzentrationVon 500 ppm 
Oligomerfarbstoff. 

Verwendung 3 

Masterbatch 3 wurde mit Low Density Polyethylen im Verhaltnis 1:10 gemischt und zu FormkSrpern bei 
200^C exu^dlerl ^Konzentration an Fluoreszenzmarker aus Be.sp.el 8 betrug 50 ppm. 

Masterbatch 4 

29983 eines Poiymethyimethacrylats 
rafaufglt^tS 

ner besitzen eine Konzentration von 500 ppm des Fluoreszenzmarkers. 

Verwendung 4 

Masterbatch 4 wurde mit dem Polymethylmethacrylat aus Masterbatch 4 im Verhaltnfc 1 : 10 gemischt und zu 
ForntkSrpem bei 240*C extrudiert. Die Konzentration des Fluoreszenzmarkers betrug 50 ppm. 



35 



Masterbatch 5 



2998,5gemesPolyethylen r ephtha.at(^^^^ 45 
bei 1 10°C im Wasserstrahlvakuum abge- 

£J££WS^w^r^ ■* — AnteU ~ 500 ppm 

Fluoreszenzmarker uberfuhrt. 50 

Verwendung 5 

Masterbatch 5 wurde im Verhaltnis 1 : 10 mit Polyethylenterephthalat (Dichte = 133 g/cm*) gemischt und zu 
FomkOrpem bei 280»C extrudiert. Die Konzentration an Fiuoreszenzmarker betrug 50 ppm. 

Masterbatch 6 

2998^einesPo l yviny 1 ch,orids(D^ 
SKSSES^^ Konzentration von 500 ppm Fluoreszenzmar- eo 

ker. 

Verwendung 6 

Masterbatch 6 wurde mit Polyvinylchlorid (Dichte - 13? g/cm*) im Verhaltnis 1 : 10 gemischt und zu Form- 65 
kSrper^ Tbe?200-C extrudiert. Die Konzentration an Fluoreszenzmarker betrug 50 ppm. 
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Fluoreszenzuntersuchungen 

TV. e erfinduneseemaBen oligomeren Farbstoffe kdnnen zur Markierung von Kunststoffen benutzt werdeiL 
Dabei raogm* X£h iSrabination von verschiedenen Farbsjoffen ein Erkennungsrauster zu erzeugen,das 

dU ^eF7r r ef^^ 



1 Formkorper aus 
1 Verwendung 


Anregung in run 


Emission in am | 


1 


411 


465 


2 


374 


417 


3 


398 


454 


4 


370 


412 



Patentanspruche 

1. Durch Polykondensation oder Polyaddition erhaltliche Polymere, die .als ein. ^™^«~ ta sichtba - 
ren Soektralbereich bei Wellenlangen von 400 bis 660 ran fluoreszusrende Verbindung enthalten. 
2 pKe^ gemat Anspruch 1, dfdurch gekennzeichnet, daB die fluoreszierende Verb.ndung einem fluo- 
reszierenden Farbstoff der Fortnel 

Fb-(X)n (I), 
entspricht, worin 

X&%?ZZ!S£Z^^ funktioneller Rest bedeutet, ausgewahlt aus der Gruppe: 

NH NH^ NCO COCL -COOH. -OH, -OCORl -OCOjR*. — OCONNHR 2 oder COjR 2 . worm 
R« und R' ^.nfbhalSg' vSander gegebenenfalls substituiertes C.-C.-Alkyi, O-C-Cycloalkyl oder 
^-C,o-Aryrbedeufen, insbesondere u^substituiertes Alkyl oder Phenyl, besonders bevorzngt C-C4-AI- 

kvL wie Methyl oder Ethyl bedeuten und . . , 

nKraelaWvonlbis^^ 

das Emissionsmaximum des fluoreszierenden Farbstoffs der Formel (I) bei 400 bis 66O ran, vorzugsweise Dei 

^olvm^e^ema^Anspruch 2,dadurch gekennzeichnet, daB n fur 1 oder 2, insbesondere fur 1 steht. 

4 £ lyraere feraaB A^ SP ™enT,dadurch|ekennzeichnet,daB als fluoreszierende Verbmdungen ein fluores- 

LrSr Fartetoff aus der Gruppe der Cumarine, Benzofurane. Perylene, Benzantrone, Anthrapyr.nnd.ne 

fp^ere^ 

render Cumarinf arbstoff der Formel (II) 




(TO 



D 7 



eingesetzt wird, worin 
^Sn^ 

D^^I ^'emen^ge^lb^enfS^^hireh X substituiertes Dialkylamino. N-subsdtuierten Heterocycius oder 

P^ymeregeraaB Anspruch 1, dadurch gekennzeichnet, daB als fluoreszierende Verbindung ein Benzofuran- 
farbstoff der Formel (HI) 
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Cm). 



eingesetzt wird, worin , 

Xundn die in Anspruch 1 angegebene Bedeutung besitzen und , _^ „ „ . . _ 

A Wr einen gegebenenfalls durch X substituierten aromatischen Rest, msbesondere Ce-C.o-Aryl-Rest, 

7 Poly^erc g^mSn Anspruch 1. dadurch gekennzeichnet, dafi sie aus der Gruppe der Polyam.de. Polyester, 

S^S^reTen^" AS^Td£di gekennzeichnet, daB sie ein als Zahlenmitte. bestunmtes mittieres 
Molgewicht von M n 500 bis 5000 g/mol besitzen. 

9. Masterbatches, bestehend aus dem oder enthaltend das Polymer nach Anspruch I „„^„« 
10 Verfahren zur Erkennbarmachung eines Kunststoffs, dadurch gekennzeichnet, daB man dem Kunststoff 
h*»"i nder nach seiner Herstellung 0,01 bis 1000 ppm des Polymers nach Anspruch 1 zusetzt. 
?f Verfahren zu^ Sortieren von Kunststoff 5, insbesondere von Kunststoff schrott oder von Kunststoff- 
mull, dadurch gekennzeichnet. daB man die durch Zusatz eines ; Polymeren nach Anspruch erkennbar 
gemachten Kunststof fe aufgrund der emittierten Fluoreszenzstrahlung nach Kunststoff sorten klassiert. 
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Polymeric fluorescence markers 

Polymers obtainable by polycondensation or polyaddition which contain as a 
comonomer a compound fluorescing in the visible region of the spectrum at wavelengths 
of 400 to 660 nm. 



The following information is taken from the documents submitted by the applicant. 
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Specification 

The invention concerns polymers formed by polycondensation or polyaddition, 
containing as a comonomer at least one compound fluorescing in the visible region of 
the spectrum, hereinafter called a fluorescence marker, a method of producing them and 
their use for marking plastics as well as a method for separating plastics thus marked. 

For the recycling of plastic waste it is desirable to be able to separate it by grade of 
purity because only pure substances are capable of being meaningfully re-used. It is 
already known how to mark plastics with fluorescent dyes, identify them with a suitable 
detector system and separate them based on grade. When different fluorescent dyes or 
fluorescent dye combinations are used, the widest variety of plastics can be clearly 
marked and be separated from each other based on their different fluorescence signals. 

Thus, for example, it is known from EP-A-476 416 that plastics can be marked with 
monomeric fluorescent dyes. These still have, however, certain drawbacks with respect 
to their sublimation purity and thermomigration purity. 

IN WO 93/09172, fluorescent compounds are preferably used as chain-lengthening 
comonomers to produce polycondensates and used to mark thermoplastics, with the 
fluorescent compounds fluorescing in the near-infrared range. 

Polymers obtainable by polycondensation or polyaddition have now been found which 
contain as a comonomer a compound fluorescing in the visible region of the spectrum at 
wavelengths of 400 to 660 nm. 

Possible fluorescent compounds include those which contain one (monofunctional) or 
several (polyfunctional) identical or different functional group(s) capable of 
(poly)condensation or (poly)addition. The monofunctional fluorescent compounds of this 
type act as chain terminators. Bifunctional fluorescent compounds generally function as 
chain lengtheners and trifunctional and higher functional fluorescent compounds act as 
cross-linkers. Polyfunctional fluorescent compounds bearing different functional groups 
may also function as chain terminators, especially when the functional groups they bear 
are variously reactive. Fluorescent compounds are preferably understood to mean 
fluorescent dyes. Fluorescent dyes preferably correspond to formula (I) 

Fb-(X) n (I) 
in which 

Fb means a fluorescent dye radical, 

X means a functional radical capable of condensation or addition selected from the 
group: -NH 2 , -NHR 1 , -NCO, -COCl, -COOH-, -OH, -OCOR 2 , -OC0 2 R 2 , -OCONNHR or 
C0 2 R 2 in which R 1 and R 2 mean, independently of one another, optionally substituted 
d-Ce alkyl, C 4 -C 8 cycloalkyl or C 6 -C 10 aryl, especially unsubstituted alkly or phenyl, and 
particularly Cn-C 4 alkyl such as methyl or ethyl, and 

n stands for a number from 1 to 6, with X possibly being the same or different if n is 
greater than 1 and the emission maximum of the fluorescent dye of formula (I) is at 400 
to 660 nm, preferably at 400 to 550 nm. 
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Preferred dyes of formula (I) are those in which n stands for 1 or 2, especially for 1 , and 
X optionally stands identically or differently for -OH or -NH 2 All organic fluorescent dye 
radicals, preferably those which are water-insoluble, can theoretically be radical Fb of 
formula (I). 

In this patent application, water- insoluble is understood to mean less than 0.5, and 
preferably less than 0.1 g/l. Those with the preferred suitability are selected from the 
group of cumarins, benzofurans, perylenes, benzantrones, anthrapyrimidines and 
anthrapyridones, 

The cumarin or benzofuran types are preferred. 

Amino and hydroxy groups have proven to be especially suitable as functional groups X. 
The introduction - if not yet present - of an amino group into the fluorescent dye system 
can be done for example by reduction of nitro or cyano groups. A hydroxy radical can, 
for example, be introduced by ethoxylation of an amino or hydroxy group. Especially 
preferred fluorescent dyes are cumarin dyes, especially those of formula (II) 



in which 

X and n have the meanings above, and 

A and D have the following meanings. The radicals A and/or D are preferably 
substituted with 1 to 6, preferably 1 to 2 of the same or different functional groups X. 

In a preferred embodiment, 

A stands for a aromatic radical optionally substituted by X, especially a C 6 -C 10 aryl 
radical, or a heterocyclic radical, with X preferably standing for NH 2 , CH 2 NH 2l 
CH 2 CH 2 OH or OH. 

D preferably means dialkylamino, especially C^C 4 dialkylamino, an N-substituted 
heterocycle, alkoxy, especially C n -C 4 alkoxy which is optionally substituted by X, with X 
preferably standing for NH 2 , CH 2 NH 2 , CH 2 CH 2 OH or OH. 

Preferred compounds of formula (II) are those in which A means 
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NH 2 




OH , 



-NH-CH 2 CH 2 -OH 




-co 



and D means 



-NCCzHsfe , -N(CH 3 )2 , 



H s C e ^N 



CH 3 0- , HOCH 2 CH 2 -0- 



Compounds of formula (II) can be produced in familiar procedural steps. Also preferred 
fluorescent dyes are benzofurans corresponding to formula (III) 



[J 




(in) 



cx) n 



in which 

X, A, D and n have the meaning above. 

Especially preferred fluorescent dyes are, for example, those of the following formulas 
(D-(19). 
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Polymers 

Preferred polymers of the invention which can be obtained by polyaddition are, for 
example, polyurethanes. 

Preferred polymers which can be obtained by polycondensation are polyamides, 
polyesters and polycarbonates. More preferably, they possess a mean molecular weight 
determined as a numerical average of M n 500 to 5000 g/mole. The polymers of the 
invention are preferably made up on average of 3 to 100 monomer units, i.e., they are 
preferably oligomeric. 

The molar percentage of the fluorescent compound in the total amount of comonomers 
is generally 0.5 to 33%, and especially 0.5 to 15%. For monofunctional fluorescent 
compounds, especially fluorescent dyes, this percentage is 1 to 5%, for bifunctional 
fluorescent compounds preferably 3 to 6% and for trifunctional and higher fluorescent 
compounds from 5 to 10%. 

Fluorescent compounds can also be used as mixtures of the same or different 
monofunctional and/or polyfunctional compounds. 

The excitation wavelength for fluorescent compounds is preferably in the UV spectrum 
range. 

To produce the polymers of the invention, the fluorescent compounds, and especially the 
fluorescent dye, are reacted as a comonomer along with the other comonomers in the 
conventional manner. 

Thus, for example, the polymer from the group of polyamides is produced by reacting a 
diamine with a diacid chloride or a dicarboxylic acid in the presence of the fluorescent 
compound, with the fluorescent compound, and particularly the fluorescent dye acting as 
a chain-lengthening monomer or cross-linker respectively if it bears two or more amino 
groups or two or more acid or acid chloride groups, or being incorporated into the 
polymer as a chain terminator if it bears only one amino group or acid or acid chloride 
group. 
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Preferred diamino compounds are those of formula (IV) 
HRN-B-NHR (IV) 

in which B means a bivalent aliphatic, aromatic, aromatic-aliphatic, acyclic or isocyclic 
radical, and particularly a radical of the formula (CH 2 ) n , with n = 1 through 12, 




and 

R stands for hydrogen or C1-C4 alkyl or C 6 -C 10 alkyl, and particularly for hydrogen. 

Preferred dicarboxylic acids or diacid chlorides correspond in form to the dicarboxylic 
acid chlorides of formula (V) 

CIOC-D-COCI (V) 

in which D has the meanings given for B but is independent thereof. 

Other possible starting components for polyamides are, for example, described in 
Vieweg Muller, Plastics Manual, Vol. VI, Chap. 2, Carl-Hauser Verlag, Munich, 1966. 

The use of diamino compounds and dicarboxylic acids or diacid chlorides in the ratio of 
0.9 to 1.1 is especially preferred as is the use of fluorescent compounds, especially in 
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the form of a monofunctional fluorescent dye, with the functional group NH 2 being 
preferred. The amount of monofunctional dye is preferably selected to be 0.5 to 10 
molar percent relative to the total amount of comonomer, and preferably 1 to 5 molar 
percent. 

Amines of formula (VI) 




(VI) 



in which E means (CH 2 ) n , with n = 3 through 20, 

can be reacted with the fluorescent compound, particularly a monofunctional fluorescent 
dye, to form the fluorescence markers of the invention from the group of the polyamides. 

To produce the fluorescence markers of the invention from the group of polycarbonates, 
a carbonate compound of the formula 



H CVH) 
R 4 0 C OFt, 

is preferably used 

in which 

R 3 and R 4 , independently of each other, mean CH 3 , C 2 H 5l C 3 H 7l C 4 H 9 or C 6 H 5 , or 
R 3 and R 4 together form the radical of an optionally substituted aliphatic carbon chain 
and mean especially (CH 2 ) n with n = 3 through 20, 
with a dihydroxy compound of the formula 



HO-G-OH (VIII) 



in which G can assume the meaning given for B, in the presence of the fluorescent 
compound, with the fluorescent compound, in particular the fluorescent dye, being able 
to bear 2 or more hydroxy groups or 2 or more carbonate groups and therefore functions 
as a chain lengthener or cross-linker, or bearing only one carbonate group and is 
therefore incorporated into the polymer as a chain terminator. Di-d-C 4 alkyl or Di-C 6 - 
C10 diaryl carbonates are preferred, such as, for example 



O OO 

II II _ II 



O O 



CH3OC-OCH3 C 2 H s -OC-OC 2 H s PhOCOPh \ / 



or 
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O 

Also preferred are d-C 4 alkyl diols or C 6 -C 10 diaryl diols such as, for example, 



H*C 




HOCH2CH 2 OH , HO(CH2) 6 OH , HO - 




OH 



or 



HO-^ ^-CHj-^ y OH 



Other possible starting components for polycarbonates are, for example, described in 
Becker/Braun, Plastics Manual, Vol. 9/1, Chap. 3, Carl-Hauser Verlag, Vienna, 1992. 

Carbonates and diols in the molar ratio of 0.9 to 2 are especially preferred along with the 
fluorescent compounds, preferably in the form of a monofunctional fluorescent dye which 
bears a hydroxy group as a functional group, in an amount of 1 to 15 molar percent 
relative to the total amount of comonomer. 

Polyesters 

Polymeric fluorescence markers of the invention from the polyester group are, for 
example, preferably produced by reacting an aromatic or aliphatic dihydroxy compound 
with an aromatic or aliphatic dicarboxylic acid or its derivatives, especially dicarboxylic 
acid dichlorides, in the presence of the fluorescent compound, with the fluorescent 
compound, and especially the fluorescent dye, preferably bearing as a functional group 
a hydroxy or carboxy or derived carboxy group, especially acid chloride groups. 

The fluorescent compound may also, of course, bear several, but preferably only one, of 
the functional groups indicated. 

Preferred dihydroxy compounds are those of formula (IX) 
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HO-G'-OH 



(IX) 



in which G' can assume the meaning given for B, 
and means especially -CH 2 CH 2 -, -(CH 2 ) 4 - 




or 




Preferred dicarboxylic acids or their derivatives correspond to the formula (X) 
MOC-D'-COM (X) 
and are those in which 

M stands for OH, CI, alkoxy or aryloxy, and 
D' can assume the meanings given for B, 
and means especially -(CH 2 ) 6 -, 



-(CH 2 ) 2 -, -(CH 2 ) 4 -, and -(CH 2 ) ir . 

Other starting components for polyesters are, for example, described in Becker/Braun, 
Plastics Manual, Vol. 3/1, Chap. 2, Carl-Hauser Verlag, Vienna, 1992. 

The use of dihydroxy compounds and dicarboxylic acid compounds or their derivatives in 
a molar ratio of 0.9 to 1 .2 is especially preferred, as is the fluoresecent compound, 
especially in the form of a monofunctional dye, with OH or NH 2 being preferred as the 
functional group X. The amount of monofunctional dye is preferably selected to be 1 to 
15 molar percent relative to the total amount of comonomer. 



Polymeric fluorescence markers of the invention are preferably produced, for example, 
by reacting an aliphatic or aromatic dihydroxy compound with an aromatic or aliphatic 
diisocyanate compound in the presence of the fluorescent compound, with the 
fluorescent compound, and especially the fluorescent dye, bearing one or more hydroxy 




Polyurethanes 
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or isocyanate groups as a functional group. The fluorescent compound preferably bears 
one functional group. 

Preferred dihydroxy compounds correspond to the formula (IX) 
HO-G'-OH (IX) 
in which 

G' has the meaning above. 

Preferred diisocyanates correspond to the formula (XI) 
OCN-K-NCO (XI) 
in which 

K can assume the meaning given under B. 

Other suitable dihydroxy and diisocyanate components for producing polyurethanes are, 
for example, described in Becker/Braun, Plastics Manual, Vol. 7, Chaps. 2 and 3, Carl- 
Hauser Verlag, Vienna, 1993. 

The use of the dihydroxy compounds of formula (X) and the diisocyanate compound in a 
molar ratio of 0.9 to 1 .1 is especially preferred, as is the use of the fluoresecent 
compound, especially in the form of a monofunctional dye, with OH or NH 2 being 
preferred as the functional group X. The amount of monofunctional dye is preferably 
selected to be 1 to 15 molar percent relative to the total amount of comonomer. 

The invention further concerns master batches consisting of or containing the polymeric 
fluorescence markers of the invention, preferably in an amount from 1 to 50,000 ppm, 
and especially from 100 to 1000 ppm. 

The invention further concerns a method of making a plastic recognizable, characterized 
in that 0.01 to 1000 ppm of the polymer of the invention is/are added to the plastic during 
or after its manufacture. Preferable plastics are thermoplastics or duroplastics as 
described in HansJurgen Saechtling's Manual, chaps. 4 and 5, CarMHauser Verlag, 
Munich, Vienna, 1992.. 

The invention also concerns the application of the recognition method of the invention for 
the separation of plastics, especially plastic trash. The excitation of the fluorescent 
compounds incorporated in the polymer of the invention which is contained in the object 
to be tested, can for example be done by laser. The scattered emitted light produced is 
captured and recorded by a detector. This signal is used to trigger the separating 
function. This can be, for example, electrostatic charging and deflection in an electrical 
field in the case of small granulated parts or simple mechanical screening in the case of 
larger parts. 

The object of the invention is also therefore a method for sorting plastics, especially 
plastic waste or plastic trash, characterized in that plastics made recognizable by the 
addition of the polymers of the invention are classified according to types of plastic on 
the basis of the fluorescent radiation emitted. The polymers of the invention, i.e., 
fluorescence markers, are used in amounts of 0.01 to 1000 ppm relative to the plastic to 
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be marked. The fluorescence marker used for marking (polymer of the invention) is 
preferably worked into the plastic to be marked in an amount which allows the pertinent 
detector to perform unequivocal recognition. The amounts required for this are usually 
very small and are preferably 0.01 to 1000 ppm relative to the total amount of the plastic 
to be marked, with the fluorescence markers preferably having a fluorescence quantum 
efficiency of > 0.01, and preferably > 0.05. 

Examples 

Example 1 - Polymeric fluorescence marker (polyamide) 

5 8 g hexamethylene diamine (0.05 mole), 1 1.3 g thethylamine (0.1 1 mole) and 0.7 g of 
a dye of formula (1) (0.0019 mole) were placed into 100 ml chloroform. 9.15 g adipinic 
acid dichloride (0.05 mole) in 40 ml chloroform were added in drops with rapid stirring 
within 2 minutes. The reaction mixture heated up to 62°C. It was cooled to room 
temperature with stirring and the precipitate developing was siphoned off. This 
precipitate was washed three times each with 50 ml chloroform, petroleum ether, 1nHCI, 
H 2 0 and acetone. The residue was dried for one day at 50°C in a high vacuum. Yield 8 
g, melting point: 255 to 258°C, orange. Mean molecular weight M n = 1500 g/mole. 

Example 2 - Polymeric fluorescence marker (polycarbonate) 

32 13 g diphenylcarbonate (0.15 mole) and 22.8 g bisphenol A (0.1 mole) were heated in 
a water jet vacuum to 180°C within 1 hour. This temperature was maintained for 3 hours 
and then increased to 210°C within 2 hours. The mixture was aerated with N 2 and 
cooled to some extent. 1 .25 g of the dye of formula (3) were then added, a water jet 
vacuum was applied and the mixture was heated to 240° within 2 hours. This split off 
phenol and diphenylcarbonate (32.7 g), yield: 23.1 g of a yellow product, melting point: 
230°C. Mean molecular weight M n = 3000 g/mole. 

Example 3 - Polymeric fluorescence marker (polyester) 

3.1 g ethylene glycol (0.05 mole), 11.3 g triethylamine (0.11 mole) and 0.69 g of a dye of 
formula (6) (0.0019 mole) were placed in 100 ml chloroform. 10.15 g terephthalic acid 
dichloride (0.05 mle) in 40 ml chloroform were added in drops with rapid stirring within 2 
minutes. Preparation was as in Example 1. The yield is 10 g, melting point: 255°C, 
color of red product. Mean molecular weight M n = 2000 g/mole. 

Example 4 - Polymeric fluorescence marker (polyurethane) 

83 16 g hexamethylene diisocyanate (0.495 mole) were added in drops to 45 g butandiol 
(0.5 mole) and 6.46 of a dye of formula (8) (0.02 mole) at a temperature rising from 50 to 
190°C. The hard, tough polyadduct was ground. Yield: 120 g, melting point: 180°C, 
color of product: beige. Mean molecular weight M n = 2500 g/mole. 

Example 5 - Polymeric fluorescence marker 

24 8 g decamethylene diisocyanate were added in drops to 19 g decamethylene diamine 
(0 11 mole) in 39 ml cresol and 1.01 g of the dye of formula (17) (0.04 mole) within 10 
minutes This produced marked heat development. The reaction mixture was kept at 
218° for 5 hours and then precipitated with 1 .5 I methanol. The product was washed 
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with ethanol and dried in a water jet vacuum for 15 hours at 60°C. Yield: 30 g, melting 
point: 200°C, color of product: beige. Mean molecular weight M n = 2900 g/mole. 

The following list contains other fluorescence markers of the invention which were 
produced as indicated in example 1 or example 2. 

The fluorescence markers thus produced are insoluble in conventional solvents such as 
CH 2 CI 2 , CHCI 3 , acetone or alcohol. 

Table 1 

Key: Bsp. = example 

fluoreszierender Farbstoff als Comonomer 1 = fluorescent dye as comonomer 1 
Adipinsaure-dichlorid = adipinic acid dichloride 
Adipinsaure-chlorid = adipinic acid chloride 
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I Bsp. 


fluoreszierender Farbstoff 
als Co monomer 1 


Comonomer 2 


Comonomer 3 


6 




Hexamctfaylen- 
diaznin 


AdipinsSure- 
dichlorid 


• 




Hexamethylen- 
diamiii 


Adipinsaurc- 
dichlorid 


8 




Hexamcthylen- 
diamin 


Adipinsaure- 
dichlorid 


9 




Bisphenol A 


Diphenylcarbonat 


10 




HexametHyleh- 


Adipinsaure- 
chlorid 


1 11 




Hexamethylen- 

rfjgmiri 


AdipinsSuxe- 
chlorid j 


1 12 




Bispheaol A 


Diphenylcarbonat 
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If 

h 


fluoreszierendcr Farbstoff 
als Co monomer 1 


Comonomer 2 


Comonomer 3 II 


- 






Dinhenvlcaxfoonat II 


14 




Bisphenol A 


Diphenylcarbonat 


» 
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Bisphenol A 


Diphenylcarbonat 


H 




Bisphenol A 


Diphenylcarbonat 


18 




Bisphenol A 


Diphenylcarbonat 


19 




Bisphenol A 


Diphenylcarbonat i 


20 




Bisphenol A 


Diphenylcarbonat 
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li j 

Bsp. 


fluoreszxerender FarbstofF 
als Comonomer 1 


Comonomer 2 


Comonomer 3 1 


| 21 




T T -li, _ r 1 

riexameuiyien* 
diamin 


AdipiosSure- Q 
dichloxid 


II 22 




tacxaxiic my lon- 

diamui 


iA.uipiiisu.iire- 
dichlorid 


23 


^ oJitAo^o 


i ivftfliiivmj lwix 

diamin ( 


dichlorid 


24 


MO^ 0 ^A 0 A 0 


Hexamethylcn- 
diamin 


Adipinsaure- 
dichloxid 


25 


H.OO'^^O'^O 


Hexamcthylcn- 
diajnin 


Adipins&uve 
dichlorid 


26 




Hcxamethy len- 
diamin 


Adipins&ure 
dichlorid 


27 




Hcxamethy len- 
diamm 


AdipinsSure- 
dichlorid |, 


28 




Hcxamcthylen- 
diamin 


Adipinsfiure- 
dichlorid 
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Bsp. 


fluoresziercnder Farbstoff 
&ls Comonomcr I 


C^OXAODODM*f 2 


Cmnnnomer 3 P 




29 




Hexaraethylen- 
diaxnin 


Adipifisfluxe- II 
dichlorid II 






30 




Hexamethylen- 
diamin 


Adipins&ure- U 
dichlorid 9 


31 




Hcxamcthylen- 

dinmin 


Adipinsaure- [ 
dichlorid | 


32 




Hcxamcthyleii- 
dimnin 


Adipinsaure- 
dichlorid 






Hexamc thy len- 


Adipinsaure - 
dichlorid 






L □ — ^ 


Hcxamcthylen- 
diamia 


Adipiosaure- 
dichlorid 





Examples of use 
Master batch 1 

2998.5 g of a polyamide 6 granulate (distortion temperature 180°) were dried in a water 
jet vacuum. 1 .5 g of the fluorescence marker from example 8 was spun as a dispersion 
in isopropanol onto the plastic granulate and the solvent was evaporated off under a 
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water jet vacuum. The granulate was transferred in the extruder at 240°C into the 
corresponding master batch with a proportion of 500 ppm fluorescence marker. 

Use 1 

Master batch 1 was mixed with polyamide in a 1:2 ratio and extruded to form molded 
articles. The proportion of fluorescence marker from example 8 was 50 ppm. 

Master batch 2 

2998 5 g of a polycarbonate (from bisphenol A and phosgene) were dried at 80°C in a 
water jet vacuum. 1 .5 g of fluorescence marker from example 1 7 were worked into the 
polycarbonate as described under master batch 1 and transferred at 280°C into the 
corresponding master batch 2 with a content of 500 ppm of the fluorescence marker 
from example 17. 

Use 2 

Master batch 2 was mixed with the polycarbonate described above in a 1:10 ratio and 
extruded to form molded articles. The proportion of fluorescence marker from example 
17 in the marked polycarbonate turned out to be 50 ppm. 

Master batch 3 

2998.5 g of a low-density polyethylene (density = 0.92 g/cm 3 ) were spun with 1 .5 g of 
the fluorescence marker from example 6 as a dispersion in isopropanol onto the plastic 
granulate and the solvent was evaporated off under a water jet vacuum. The coated 
granulate particles have a concentration of 500 ppm oligomer dye. 

Use 3 

Master batch 3 was mixed with low-density polyethylene in a 1:10 ratio and extruded at 
200°C to form molded articles. The concentration of fluorescence marker from example 
8 was 50 ppm. 

Master batch 4 

2998.5 g of a polymethyl methacrylate (density: 1.19 g/cm 3 ) were dried in a water jet 
vacuum at 80°C. 1.5 g of the fluorescence marker from example 17 was spun as a 
dispersion in isopropanol onto the plastic granulate and the solvent was evaporated off 
under a water jet vacuum. The coated granulate particles have a concentration of 500 
ppm of the fluorescence marker. 

Use 4 

Master batch 4 was mixed with the polymethyl methacrylate from master batch 4 in a 
1:10 ratio and extruded at 240°C to form molded articles. The concentration of 
fluorescence marker was 50 ppm. 
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Master batch 5 



2998.5 g of a polyethylene terephthalate (from ethylene glycol and terephthal.c acid 
density = 1.33 g/cm 3 ) were dried at 1 1 0° C in a water jet vacuum. 5 g of fluorescence 
marker (from example 18) was spun as a dispersion in isopropanol onto the plastic 
JaSe and the solvent was evaporated off under a water jet vacuum. The granulate 
w« ^compounded at 280°C and transferred into the master batch with a proportion of 
500 ppm fluorescence marker. 

Use 5 

Master batch 5 was mixed with polyethylene terephthalate (density = 1 1 .33 g/cm 3 ) in a 
1.10 ratio and extruded at 280°C to form molded articles. The concentration of 
fluorescence marker was 50 ppm. 

Master batch 6 

2998.5 g of a polyvinyl chloride (density = 1.37 g/cm 3 ) were spun w f>\5 gof the 
fluorescence marker from example 26 as a dispersion in isopropanol onto the plastic 
granulate and the solvent was evaporated off under a water jet vacuum. The coated 
granulate particles have a concentration of 500 ppm fluorescence marker. 

Use 6 

Master batch 6 was mixed with polyvinyl chloride (density = 1.37 g/cm 3 ) in j a 1:1C (ratio 
and extruded at 200 X to form molder articles. The concentration of fluorescence 
marker was 50 ppm. 

Fluorescence examinations 

The oligomeric dyes of the invention can be used for marking plastics. In this way it is 
possTble to produce a recognition pattern that is identified by different fluorescence 
characteristics by combining different dyes. The fluorescence measurements were 
performed with an Edinburgh FL/FS-900 spectrometer. 



Molded articles from use 


Excitation in nm 


Emission in nm 


1 


411 


465 


2 


374 


417 


3 


398 


454 


4 


370 


412 



Claims 



1 Polymers obtainable by polycondensation or polyaddition which contain as a 

comonomer a compound that fluoresces in a visible region of the spectrum at 
wavelengths of 400 to 660 nm. 
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2. Polymers according to claim 1, characterized in that the fluorescent compound 
corresponds to a fluorescent dye of the formula 

Fb-(X) n (I) 

in which 

Fb means a fluorescent dye radical, 

X means a functional radical capable of condensation or addition selected from the 
group: -NH 2 , -NHR 1 , -NCO, -COCI, -COOH-, -OH, -OCOR 2 , -OC0 2 R 2 , -OCONNHR 2 or 
C0 2 R 2 , in which R 1 and R 2 mean, independently of one another, optionally substituted 
d-Cs alkyl, C 4 -C 8 cycloalkyl or C 6 -C 10 aryl, especially unsubstituted alkly or phenyl, and 
particularly C^-C 4 alkyl such as methyl or ethyl, and 

n stands for a number from 1 to 6, with X possibly being the same or different if n is 
greater than 1 and the emission maximum of the fluorescent dye of formula (I) is at 400 
to 660 nm, preferably at 400 to 550 nm. 

3. Polymers according to claim 2, characterized in that n stands for 1 or 2, and 
especially for 1 . 

4. Polymers according to claim 1 , characterized in that a fluorescent dye from the 
group of cumarins, benzofurans, perylenes, benzantrones, anthrapyrimidines or 
anthrapyridones is used as fluorescent compounds [sic]. 

5. Polymers according to claim 1, characterized in that, as a fluorescent compound, 
a fluorescent cumarin dye of formula (II) is used 




in which 

X and n have the meaning given in claim 1 , and 

A stands for an aromatic radical optionally substituted by X, especially a C 6 -C 1cr aryl 
radical, or a heterocyclic radical, and 

D stands for a dialkylamino optionally substituted by X, an N-substituted heterocycle or 
alkoxy. 

Polymers according to claim 1, characterized in that, as the fluorescent compound, a 
benzofuran dye of formula (III) Is used 



(in). 

-CO- 



in which 
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X and n have the meaning given in claim 1, and 

A stands for an aromatic radical optionally substituted by X, especially a C 6 -C 10 -aryl 
radical, or a heterocyclic radical, and 

D stands for an optionally substituted dialkylamino, an N-substituted heterocycle or 
alkoxy. 

7. Polymers according to claim 1 , characterized in that they are from the group of 
polyamides, polyesters, polycarbonates or polyurethanes. 

8. Polymers according to claim 1 , characterized in that they possess a mean 
molecular weight of M n 500 to 5000 determined as a numerical mean. 

9. Master batches consisting of, or containing, the polymer according to claim 1. 

10. Method for making a plastic recognizable, characterized in that 0.01 to 1000 ppm 
of the polymer are added to the plastic during or after its manufacture. 

11. Method for sorting plastic waste or plastic trash, characterized in that the plastic 
made recognizable by the addition of a polymer according to claim 1 is classified by 
type of plastic on the basis of the fluorescence radiation emitted. 
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